Objectives In many European countries, external economic incentives are discussed as a policy instrument to promote occupational safety and health (OSH) in enterprises. This narrative case study review aims to support policy-makers in organizations providing such incentives by supplying information about different incentive schemes and their main characteristics such as effectiveness, efficiency, and feasibility.
The need for a greater understanding of the effectiveness of economic incentives to promote occupational safety and health (OSH) is mirrored in the new European OSH strategy (1), especially with regard to small and medium-sized enterprises. There is also a need for guidance of organizations that provide economic OSH incentives (eg, many insurers would like to put in place better incentive schemes, but they know neither how to do it nor which models have proven effective and efficient). Therefore, this article reviews the contents of 14 incentive schemes, used in 8 European countries, which apply defined evaluation criteria. It focuses on insurance premium variations and subsidy programs. In addition to this review, a cost-benefit analysis was calculated for 3 case studies, comparing their efficiency on the societal level.
A review of case studies evaluating economic incentives
So far in the scientific literature, reviews about the effectiveness of "experience rating" (ie, pricing premiums for different groups or individuals based on the group or individual's history of claims) have found at least moderate evidence (2-4) of a decrease in the number of work accident insurance claims. In Germany, the accident premium variations have a long tradition as they were made possible by the accident insurance law in 1884. Nowadays, accident insurers are legally obliged to offer a premium differentiation (5) . According to several authors (6) (7) (8) , the German accident insurers' bonus-malus system has certainly had a positive effect, since the accident rates have decreased considerably over the last decades.
Overall, the scientific literature provides some evidence for the positive effects of experience rating, but also points to potential shortcomings connected with this type of economic incentive instrument. According to the European Foundation for the Improvement of Living and Working Conditions (9) , for instance, the accident rate in individual enterprises can be significantly affected by statistical fluctuations, particularly in the case of small-and medium-sized enterprises. Statistical "good luck" can also mask serious lapses in health and safety practice or negligible health and safety prevention. Economic incentives based on accident rates alone may thus penalize high claims arising from purely random events (in situations where either the occurrence of an event or its severity is related to a random occurrence and not poor risk-minimization strategy at the enterprise) and reward the "careless but lucky". In taking the past as a proxy for current and future risk, these incentives do not address the effectiveness of current preventive behavior. Ideally, premium assessment and reward should be based on future risk. This could be achieved by incentive schemes that reward specific prevention behavior such as investment in safer machinery and equipment or the introduction of an OSH management system.
Despite the above discussion about the advantages and drawbacks of experience rating, the report of the European Foundation (9) also highlights the scope for increasing the use of economic instruments in almost all EU countries. The report stresses the need for further development of economic incentive schemes that are based on present risk factors and reward specific prevention activities. Although insurance-based incentives seem to be most popular in Europe (10), such prevention activities could be equally stimulated by governmental subsidy schemes if incentives are difficult to implement in certain national workers' compensations systems. An expert survey of the European Agency for Safety and Health at Work (EU-OSHA) (10) came to the conclusion that many member states could benefit from the introduction of adapted economic incentive schemes in order to motivate companies towards more prevention efforts. In their rating of incentive measures, the experts assessed insurance premium variations as most suitable for their country (71%), followed by OSH promotion (55%), tax reduction (49%), and awards (49%).
Methods
This research was carried out as part of an EU-OSHA project on economic incentives. The detailed descriptions of the included case studies are available in an EU-OSHA prevention report (11) . As research literature regarding economic incentive schemes in Europe is scarce, the Agency decided to use the its Topic Centre (TC-OSH) and network of national focal points to collect the case study information. The questionnaire for the case study collection was drafted in cooperation with TC-OSH (a consortium of leading European OSH research institutes) and included questions concerning the legal and political background in various countries (11) . The questionnaire was sent out to the network of EU-OSHA focal points, which consists of national contact institutions nominated by the 27 Member States. The focal points are usually located in the responsible OSH ministry (eg, Ministry of Employment) or national research institute. Eight questionnaires were received, namely from Austria, the Czech Republic, Denmark, Finland, Lithuania, Poland, Slovakia, and the United Kingdom. Further case studies from other countries were provided by the TC-OSH experts or competent contact persons in the other countries. All case studies were written up in a consistent structure provided by EU-OSHA and integrated in the Agency project report on economic incentives. In addition, as a result of an EU-OSHA expert group workshop, two more case studies were included in the analysis.
This study aims to provide a review of case studies that demonstrate good practice examples undertaken in several European countries to motivate firms to promote OSH prevention measures by means of economic incentives. "Prevention measures" are defined in a broad sense, including the prevention of work-related accidents and mental as well as physical diseases. The focus of our study was on firm-extern financial benefits (ie, incentives provided by external organizations) such as insurance companies or governmental bodies. According to our definition, we did not focus on a particular outcome variable but included all studies dealing with prevention measures in a broader sense.
In order to be included in this review, the case studies had to meet certain criteria. The described incentive scheme had to be an external financial stimulus or at least had to provide a service of a certain economic value, such as a consultancy service. For the purpose of this review, evaluation criteria (eg, the size of the incentive, the budget of the program, the feasibility Elsler et al and the effectiveness of the scheme) were defined and systematically extracted from the case studies (tables 1 and 2). Even if all this information could not be provided to a full extent, cases were included for reasons of geographical coverage in order to draw a full picture of the variety of European incentive schemes. Recognition schemes or tools simply used to calculate economic OSH benefits were not included in this analysis. For this reason, four case studies collected by the EU-OSHA network have been omitted from this review but are briefly described in the EU-OSHA report as "snapshots" (11) .
In total, the survey among the EU-OSHA network and expert group yielded 18 case studies. Of those, 14 case studies from 8 European countries were included in this review according to the criteria mentioned above. The case studies were divided into those covering insurance premium-based incentive schemes all provided by insurance companies (N=6), and those covering subsidy-based incentive schemes mainly provided by governmental institutions (N=8).
Cost-benefit calculations
To be included in the cost-benefit calculations, the case studies had to provide exact data on the costs of the incentive program. Further, it was necessary that the quantitative benefit was either estimated as reduced accident numbers or lower sick leave rates. Only 3 of see table 3 ). When we calculated the annual cost of the incentive per worker for all 255 000 workers insured, the result was €5.5 per worker per year. This amount relates to all workers in the sample including those whose enterprises did not participate in the incentive scheme. When we calculated the actual bonus for those workers whose enterprise was successfully taking part in the program, the possible incentive was €14.06 (ie, the potential gain per worker through the reduction of the premium). Depending on the size of the company, this incentive can render OSH prevention attractive for an enterprise.
We calculated the cost for the incentive scheme of the Finnish agricultural sector [Maatalousyrittäjän tapaturmavakuutus (MATA)] using the information provided in Rautiainen et al (13) . Taking the yearly insurance contributions and the given rate of 93% accident-free farmers per year, we calculated the yearly premium discounts from the introduction of the system in 1998 until 2003.
It is clear from the design of the incentive system, which offers a rebate of ≤50% on the wage-related part of the insurance premium, that the costs of the system are much higher than that of FBG. The maximum premium reduction could be €87.07 per farmer per year versus €14.06 (table 3) , but also the calculated average cost of €53.94 is relatively high compared to both FBG (€5.50) and the Dutch covenant program. The latter had the highest budget in total but was related to the most workers as well, resulting in costs of €14.44 per worker accumulated over eight years (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . It must be clarified that the sectoral agreements under the Dutch convenant program lasted only about four years per sector and, therefore, the annual budget per worker was about €3.61. Subsequently, the actual amount of money spent per worker was relatively low compared to the FBG and MATA schemes.
In order to complete a cost-benefit analysis in addition to the costs of the incentive schemes, the economic benefits have to be calculated. In the Dutch covenant case study, the benefit data was provided in terms of prevented sick leave compared to other sectors. For the German and Finnish insurance cases, the benefit was calculated based on accidents prevented as a result of the incentive scheme. For this purpose, we used appraisal values of the UK Health and Safety Executive (HSE) as these aim to "give the unit costs to society for workplace accidents and ill health". The values were created "to estimate the benefits of proposed measures, which aim to improve occupational health and safety, and to compare such benefits with the cost of government intervention" (15) . The values also differentiate accidents according to their severity [ie, €403 for a minor In the MATA scheme, the exact distribution of several accident severity groups was available. FBG provided only accident numbers for >3-day absence, which leads to the assumption that the economic benefit of the incentive scheme is probably underestimated as major injuries are calculated at the same cost as all reportable accidents. The overall benefit of both schemes was then calculated by multiplying the number of prevented accidents by the HSE appraisal value according to the respective accident severity level.
Results

Case study review
Effectiveness and benefits of economic incentive schemes.
The review of the 14 case studies shows that economic incentives can be effective in a great variety of settings in order to promote OSH in enterprises. Of the 14 investigated incentive schemes, 13 had undergone some kind of quantitative or qualitative evaluation. Most qualitative evaluations related to the successful management of the program, the participation rate of companies or workers, and the effectiveness of the promoted measures in the workplace. In seven case studies, we found quantitative indicators for positive effects on the working conditions for the participating companies (see also tables 1 and 2): (i) FBG-participating enterprises have had about 28% less reportable accidents since the introduction of the incentive scheme in 2001, compared to an average sectoral reduction of only 16% during the same period. In total numbers, this means about 1000 accidents less per year in incentivized companies (10); (ii) in MATA-subscribed enterprises, the accident rate dropped by 10.2%, preventing over 5000 accidents since the introduction of the incentive scheme (13); (iii) AOK, the German health insurance firm, found that sick pay and absenteeism decreased by 7.6% and 6.7%, respectively, among member enterprises introducing a modern health management system (11); (iv) of the Polish enterprises who introduced an OSH management system, supported by the Central Institute for Labor Protection (CIOP), 70% had less accidents and lower insurance premiums and 50% had less workers operating in hazardous conditions (11); (v) the Italian Workers' Compensation Authority (INAIL) subsidies bank credits to stimulate OSH investments in small-and medium-sized firms, which show 13-25% less accidents than comparable enterprises (11); (vi) the Dutch subsidy program for investments in new OSH-friendly machinery and equipment (farbo scheme) led to better working conditions in 76% of participating enterprises (40% of employers said that new equipment was highly beneficial, 36% reasonably found it to be beneficial) (11); (vii) the Dutch covenant program reduced sick leave in participating sectors by 28% whereas other sectors had only an 11% reduction in sick leave (14) .
Size of the incentive for enterprises. Among the insurancebased incentive schemes, the size of the incentive is usually indicated as a percentage of the insurance premium, which can either reduce (bonus) or increase the premium (malus). Whereas all six insurance schemes in this review had the possibility of a bonus, four also contained provisions for a malus. The bonus varied between 5-50%. The largest spread was found in the relatively new Polish insurance incentive system, where the premiums can vary between 50% bonus and 50% malus, but no evaluation of this system has been done so far. The Finnish farming sector case delivered a remarkable 10.2% reduction in accidents with a bonus of 50% premium reduction based on experience rating. The FGB example achieved significant accident reduction by incentivizing specific prevention measures through an ≤5% reduction in premiums.
When we consider the absolute magnitude of an insurance-based incentive, the type of insurance may play a crucial role. Of the six incentives under review, five are based on classical "work accident insurance". The AOK case from Germany works within the framework of an overall health insurance. As health insurance premiums are usually much higher than accident insurance premiums (eg, around 15% of salary in Germany), an incentive for this type of insurance could have much greater impact on corporate decisions with respect to the promotion of OSH. Even if the percentage of the incentive is only 8.33% of the yearly insurance premium, this amounts to €426 of maximum yearly incentive in insurance premium reduction (see tables 1 and 3, FBG €14.06, MATA €87.07).
Among the subsidy incentive schemes, the absolute magnitude of incentives also varied extensively. In the course of this study, we were able to calculate the incentive ratio per person or organization for six of the eight cases. The subsidies ranged from €3.61 per worker in the Dutch covenant system, to €5461 per person (experts, workers, and employers) in the Polish program for enterprise development. The latter consisted of a comprehensive service package, including training, developments of guidelines, and grants for safety equipment.
Cost-benefit analysis on a societal level
Only three incentive schemes were suitable for deeper cost-benefit calculations (table 3). These were the insurance incentive schemes of the FBG (12) and MATA (13) and, from the subsidy cases, only the Dutch covenant Elsler et al program (14) . Nevertheless, these three incentive programs cover large samples of workers in their respective countries: 250 000 in Germany, 110 000 in Finland, and 4.37 million workers in the Netherlands or 52% of Dutch workers. Subsequently, even if the number of cases was small, the scope of the incentive schemes was large.
Effectiveness in preventing accidents and sick leave. The effectiveness of both insurance-based schemes was measured by the overall reduction of accidents, considering the years mentioned in table 3. In the MATA case, an interrupted time series analysis was conducted in order to measure the effect of the incentive scheme. As a result, there was a statistically significant reduction of 5014 (10.2%) accidents calculated at the 5% significance level (13) . For FGB, a controlled before-after testing design was used to determine the effect. The participating enterprises (46% of all insured companies) had, on average, 1000 accidents less per year than non-participating enterprises. Incentivized enterprises had on average 28% fewer accidents after 6 years, whereas the other companies in the sector had only 16% accident reduction.
The Dutch evaluation (14) used sick leave as an outcome indicator, comparing covenant sector participants with non-participating sectors. Sick leave of covenant sectors decreased much more than in other areas of the economy. Participating sectors had on average 28% less sick leave after six years, whereas the other sectors had only 11% sick leave reduction.
Cost-benefit calculations. The cost-benefit analysis was carried out by calculating the ratio between the costs of the incentive scheme and the benefits from prevented accidents and sick leave as described in the methodology section (table 3, last column). For the FBG, a payout ratio of €4.81 could be calculated, whereas the MATA payout ratio of €1.01 delivered back only the invested incentives. Although the number of prevented accidents is quite impressive, the high rebates of ≤50% make the system quite expensive.
When presenting the Dutch case, Veerman (14) argued, however, not to attribute all €2.7 billion of the benefit due to reduced sick leave to the covenant program because sick leave is a complex phenomenon influenced by many factors (eg, motivational factors or the level of unemployment in a certain sector). However, as it was not possible to assess the net share of benefit attributable to the drop in sick leave, Veerman proposed to link 1/3 of the sick leave reduction to the covenant program. This would result in the benefit being reduced to €900 million but still with a high payout ratio of €3 for every €1 invested. One could additionally argue that government's share of the investment was only 45%, compared to the sectoral contribution of 55%, which would deliver an even higher return on prevention for society.
Discussion
The review of 14 case studies showed that economic incentive schemes seem feasible in a variety of socioeconomic contexts. In general, not many case studies have been published in the scientific literature hitherto. Among the presented cases, only the study about the Finnish agricultural sector has been published in a peerreviewed scientific journal (13) .
Therefore, the survey among the EU-OSHA network brought together a rich collection of information about European approaches to the provision of economic incentives that have been unknown in the scientific literature so far. However, the EU-OSHA collection may also yield methodological drawbacks: first, it may suffer from a publication bias. Second, member states may tend to inform EU-OSHA more about positive than negative examples.
Effectiveness of incentives
Out of the seven quantitative evaluations, five compared the improvements observed with other similar companies. That means, that in addition to the before-after testing, a kind of "natural" control group design was available, which is a good step towards establishing a valid evidence base, as many economic evaluation studies in OSH use only before-after comparisons (16) . However, as none of the studies had a randomized control group, a selection bias cannot be excluded. It is possible that there is a systematic bias regarding OSH motivation due to the self-selection of participating companies.
The three studies included in the cost-benefit analysis delivered more details to underpin the effectiveness of the analyzed incentive schemes. Taking into consideration a possible selection bias (eg, FBG), accident figures were not the only outcome variables measured. Several other indicators -such as less cases of occupational skin diseases or commuting accidents -show the success of specific measures promoted by the incentive system. Also the high number of participating enterprises and the observation of the effect over a period of seven years (long-term effect) add to the plausibility of the effectiveness of the scheme (17) . Further analysis showed that companies of all sizes took part in the incentive system and that there was no systematic variation regarding the criteria of company size.
The Dutch covenant program achieved an impressive reduction in sick leave in the covenant sectors, but this was not supported by a significant reduction in occupational risks and self-reported health complaints. Due to the participation of companies on voluntary basis, a selection bias cannot be excluded also in this A review of case studies evaluating economic incentives case. However, the program was regarded as a success at national level, as it was able to mobilize many stakeholders to be more active in OSH. Many sectors cofinanced the program, employers were motivated, and an infrastructure for future improvements in OSH was created. Hopefully, the numerous efforts put into the program will have a long-term effect on health outcomes that will only be measurable at a future point in time.
In the Finnish agricultural sector case, there was no control group available, so an interrupted time series analyses was conducted that showed 10.2% less accidents following the intervention. In describing the achievement, the authors (13) discussed also if under-reporting could have contributed partly to the claim reduction, although actually no farmer would benefit economically from that practice. The maximum possible bonus in the insurance premium (ie, maximum 0.65% of annual income) would always be lower than the minimum lost time per diem compensation of 0.83% in case of an accident. Although under-reporting is discussed in the literature as a potential side-effect of experience rating schemes (18) , the authors do not assume any substantial effect in this case because of the incentive design and further survey data, which does not support that under-reporting occurred.
Limitations of cost-benefit calculations
In our three cases, the outcome variables "prevented accidents" and "sick leave" were used to calculate the benefits of the both insurance schemes from FBG and MATA. We have used the HSE's (15) standardized costs of accidents, since the appraisal value is an approach to calculate the costs to society. They consist of human costs (pain, grief, and suffering), costs of lost output (wages and sick pay), and resource costs (administration, recruitment, and medical treatment). Although the HSE has excellent credibility, further research is needed to investigate the transferability of the appraisal values to other industrialized countries, such as Germany and Finland. For the study at hand, we assumed these values to be reasonably transferable, but nevertheless the results should be interpreted with caution. We consider these appraisal values as quite conservative since the HSE assumes, regarding lost output, that "the firm does not suffer any decline in output as suitable arrangements to maintain output are made". However, experience shows that the socalled "opportunity cost" can be of a relatively high magnitude if, for example, contracts are lost due to interruptions in the production process. Furthermore, the HSE does not include any pension costs which may have to be paid for serious accidents and which are a considerable burden to society (16) .
The major purpose of this review was to compare the costs and benefits of incentive schemes on a societal level in order to provide useful information to policy-makers. To this end, the use of the general HSE appraisals seems an adequate methodology with respect to data availability, time, and money. Further methodological drawbacks of our first approach are that the temporality of the underlying data with respect to national discount and inflation rates could not be accounted for as the exact yearly costs and benefits were not available for all three included incentive schemes. However, as we are comparing eurozone countries, we can assume that these temporality variables would not disturb the comparability of the schemes due to the stable and similar economic situation in those countries during the last decade.
Implications for practice
The cases provide valuable information for policy-makers about the range of possible interventions regarding economic incentives. More detailed descriptions of the cases can be found in the EU-OSHA report (12) . Regarding cost-effectiveness, it can be concluded from the three more-detailed cost-benefit analyses that at least the costs of the incentives were offset at societal level by the number of prevented accidents and sick leave; in two cases, there was even a quite high payout ratio of 3 : 1 and 4.8 : 1.
The results of the cost-benefit analysis supports the assumption that incentive schemes stimulating specific prevention measures are probably more effective than the pure experience rating approach. As discussed in the introduction, this should be especially valid for smalland medium-sized companies that often does not profit from experience ratings.
In the end, the question of offering economic incentives to improve OSH often remains a political one. Of course, different social, economic, and political framework conditions have to be taken into account in each country (18) . Economic incentives should be only offered for prevention activities that go beyond minimum legal requirements. Policy-makers will have to decide about the optimal mix of policy initiatives to promote OSH. Public resources could also be spent on information campaigns, OSH research, and an increased number of labor inspectors. Studies like this review can contribute to the question of optimal public resources allocation by providing information about the effectiveness and efficiency of different incentives scheme options.
Besides the objective to motivate enterprises to improve their OSH performance, experience rating and other economic incentives have been introduced in many countries because it is perceived as a question of justice. According to the "user-pays principle" those enterprises that cause more costs to the community should also contribute more. Economic incentives have frequently been introduced for ethical reasons in order to reward Elsler et al corporate good moral behavior. From this perspective, the added motivational effect for improving OSH performance is a desired, but surely not the only, reason for introducing an incentive.
Implications for research
In conclusion, we argue that more and better evaluation of economic incentive schemes is needed in order to know which kind of incentives would be most effective under which circumstances. This is in line with recent scientific literature on the economic evaluation of OSH interventions (19) . Generally, evaluation studies about economic incentives have to take place in a natural setting which implies that it is never possible to exclude all potential side effects. The best way to control weaknesses of the presented case studies, such as a possible selection bias, would be to carry out randomized controlled trials.
However, insurance firms and other incentive-offering organizations have been reluctant so far to offer an incentive randomly to its clients for research reasons. Besides the political and, in competitive market systems, potential economic problems faced by the organization, there are also ethical concerns. If such incentive schemes reduce accidents and employee ill-health in a high share of participating enterprises, as shown in several of the case studies we examined, it can be argued that every enterprise should equally have the possibility to protect the health of its workers. Nevertheless incentive-offering organizations should have an interest in finding out the effectiveness of their incentive schemes. A possible solution to political and ethical concerns could be the randomized introduction of incentives with a time delay between different groups. Using such a method, all companies could benefit from the incentive in the end but start the scheme at different points in time.
Even if a "gold-standard" evaluation cannot be realized, a lot can be done to improve current reporting, which should be consistent in using the same evaluation criteria. Therefore a better cooperation between researchers and incentive-offering organizations would be useful, such as for instance the interdisciplinary expert group of EU-OSHA on economic incentives.
